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ABSTRACT
THE PHYSIOLOGICAL EFFECTS OF THERAPY DOGS DURING EXERCISE FOR
SEDENTARY ADULTS
By
Josie Lynne Mazzone
Previous research has shown therapy dogs may be utilized to attenuate heart rate (HR) and blood
pressure (BP) responses during various types of stressors due to an increase in oxytocin (OT) and
decrease in cortisol (CL) production. These hormonal changes have also been shown to enhance
exercise performance. Purpose: This study aimed to determine if physiological responses to
exercise changed in the presence of a therapy dog for sedentary adults. Methods: Seven adult
subjects (mean age of 30.86 ± 14.07 years) who self-reported less than 150 min of physical
activity per week participated in a graded walking test with a constant speed of 2.5 mph in two
separate conditions: in the presence of the therapy dog (TD) and alone (CONT). Resting, preexercise, and post-exercise HR, BP, and OT concentration measurements were collected. During
the exercise test, HR and Ratings of Perceived Exertion (RPE) values were collected each onemin or three-min interval, respectively. Results: The data was analyzed using multiple two-way
repeated measures ANOVAs. The results found no significant differences (p<0.05) between the
TD and CONT conditions for any of the included dependent variables. Conclusions: These
results suggest the utilization of therapy dogs is neither beneficial nor detrimental to
physiological changes that occur during exercise. This research serves as a beneficial pilot study
for the continuation of investigation for this topic.
Key Words: CANINE, PHYSICAL ACTIVITY, OXYTOCIN, PILOT STUDY
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CHAPTER I: JOURNAL MANUSCRIPT

Introduction
Physical activity has been shown to have substantial health benefits such as weight
control, improvements in mental health, strengthening of muscles and bones and reduced risk of
developing disease (1). Furthermore, sedentary behavior has been shown to increase the risk of
developing cardiovascular disease (2). Despite the well-known benefits of exercise and the risk
associated with sedentary behavior, many adults still do not meet the general recommendation of
150 min to 200 min of moderate intensity physical activity per week (3).
Sedentary behavior has been attributed to several factors including lack of time, too much
effort, and overall negative emotional associations with exercise (4). Because a sedentary
lifestyle is a modifiable behavior, intervention plans and their short-term and long-term effects
on physical activity have become a prevalent area of research. Current interventions utilize
cellphone apps (5), recreational teams for beginners (6), or peer-based programs (7) to help
individuals become more physically active while also trying to increase adherence to long-term
physical activity. As roughly 40% of Americans are dog-owners (8) and dogs also require
physical activity for their health, researchers have started to investigate if the human-animal
relationship could be used as an intervention method to increase physical activity (9–11) .
The link between dogs and physical activity has been examined primarily through the
relationship between dog-ownership and dog walking. Dog-owners and dog walkers have been
shown to have an increased level and intensity of physical activity compared to non-dog-owners
(12,13). However, some studies have found dog-owners do participate in more physical activity,
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but they still do not achieve the recommended 150 min of physical activity per week (12–14).
Strong human-animal relationships have been found to have a large impact on the frequency and
time spent dog-walking per week (15). Because of this, researchers discovered obese pet-owners
tend to exercise longer if they are in a program that focuses both on their personal health and
their dog’s health compared a program that focuses only on their personal health (16).
While some interventions are geared toward pet-owners and the relationship they have
with their dog, there is also evidence to suggest dogs could be used to increase physical activity
even if they are not owned by the individual (9). This indicates that while the familiar humananimal relationship is important, there are also other factors that could make dogs an effective
motivator for increasing physical activity. One potential explanation could be the physiological
effects of being in the presence of a friendly dog.
Dog-owners have been shown to have lower resting systolic blood pressure (SBP) and
diastolic blood pressure (DBP) as well as a lower resting heart rate (HR) (15,17). Furthermore,
Allen (17) determined pet-owners had lower HR and blood pressure (BP) reactivity during a
mental stress test when they were in the presence of their dog compared to being alone or in the
presence of their spouse. Studies have also indicated unknown friendly dogs such as therapy
dogs elicit favorable physiological effects and there is growing evidence they may be useful for
increasing physical activity among sedentary populations (18,19). Wohlfarth et al. (18)
determined obese children showed more active behavior and walked faster for longer when a
therapy dog was present compared to another human. Additionally, Motooka et al. (19) found
elderly individuals had decreased HR variability when walking, talking, or patting a friendly dog
compared to walking or being alone.
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While there is limited research on the physiological effects of the presence of a therapy
dog on exercise for sedentary adults, there are several studies that assess other physiological
effects of being in the presence of a therapy dog. The presence and interaction with therapy dogs
has been shown to promote positive moods (20) and decrease stress (21), pain perception
(22,23), BP (24), HR (25), and anxiety (26). In addition, Polheber and Matchcock (27)
determined cortisol (CL) levels were lower after a social stress test for individuals who spent
time with a therapy dog prior to the test compared to individuals who spent time with a friend.
This indicates interacting with therapy dogs before different types of stress tests may have
positive effects which last throughout the test (27). Researchers have determined all of these
physiological benefits may be due to a stimulation of the oxytocin (OT) system (28).
OT is a hormone and neurotransmitter primarily involved in uterine contractions during
labor, milk production, and the male reproductive system (29). However, OT has also been
linked to decreased BP (30), reduced appetite (31), reduced HR (32), and increased empathy and
social participation (33). Elevated levels of OT have been detected in studies examining the
relationship between dog-owners and their pets (34) as well as in studies examining the effects of
being in the presence of an unknown, friendly dog (35). Interestingly, it has also been determined
physical activity increases levels of OT in the body (36,37). The elevation of OT from humananimal interaction coupled with OT released during exercise could potentially be beneficial for
increasing physical activity intensity, performance, and motivation for sedentary individuals.
One of these beneficial responses could be linked to OT’s ability to decrease the CL response to
stressors.
CL is a steroid hormone that is often released in response to various types of physical or
psychological stressors. While CL secretion occurs normally throughout the day, acute bouts of
3

stress, including exercise, can elevate CL production. Along with several other hormones, an
increase in CL secretion in response to stress may cause an increase in HR and BP (38). CL
secretion is controlled by the hypothalamic-pituitary-adrenal (HPA) axis. Physical or
psychological stressors stimulate the hypothalamus to release corticotrophin-releasing hormone
(CRH) to the anterior pituitary gland. In turn, the anterior pituitary gland releases
adrenocorticotropic hormone (ACTH) which travels to the adrenal cortex and stimulates CL
release (39). OT decreases the production of CL by inhibiting the production of ACTH. If less
ACTH is produced, there will be a smaller signal to secrete CL which ultimately means there
will be less CL produced (40). OT is naturally released during exercise, so this dampening effect
does exist to a degree, however, research suggests intranasal injections of OT may enhance
physical activity by further decreasing CL levels (41). Therefore, having a therapy dog present
may stimulate similar effects without the need of an injection of OT.
Overall, physical activity is important in maintaining a healthy lifestyle for individuals
across the globe. Some research has begun to analyze the physiological benefits of being in the
presence of a dog as well as the impact of dog-ownership on baseline physical activity, but there
is limited research on the effect of having a therapy dog present before and during exercise for
sedentary adults. The goal of this study was to determine if the presence of a therapy dog
increased physiological benefits during and after physical activity for sedentary adults.
Specifically, this study examined if the presence of a therapy dog had an effect on HR, BP, CL
and OT concentrations, and ratings of perceived exertion (RPE) before, during, and after
physical activity. Based on previous findings, it was hypothesized the HR, BP, CL
concentrations, and RPE should decrease in the presence of the therapy dog and OT
concentrations should increase.
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Methods
Subjects
This study was approved by the Northern Michigan University IRB committee. For the
first phase of screening, adult subjects were recruited through mass email requests to participate
in a pre-study eligibility questionnaire. This questionnaire adapted questions from the Global
Physical Activity Questionnaire (GPAQ) and may be found in Table 1 (42). In order to
participate in the study, subjects must have met the following criteria: a) 18 years or older; b)
reported less than 150 min of exercise each week; c) reported no allergies to or fear of dogs; d)
read and signed an informed consent form. Additionally, health history and PAR-Q+ forms were
required for all participants and screened for any medications that may have affected HR and BP
such as beta-blockers. Subjects were informed they could decide to discontinue the study at any
time.
Of the 109 adults who responded to the questionnaire, 34 of those participants met the
eligibility requirements, but only seven expressed willingness to participate in the study. Of the
seven participants recruited, five were female (mean age = 32.20 ± 16.66 years) and two were
male (mean age = 27.50 ± 12.02 years). This study also recruited one certified therapy dog.
Equipment and exercise testing protocol
A walking protocol based on the participant’s heart rate reserve (HRR) was used for this
experiment. The protocol was created to make sure participants reached an exercise effort that
would elicit a change in CL response. This effect has been shown to occur during acute exercise
when an individual performs an activity at 60% of their maximal oxygen uptake (VO2max) for at
least 10 min (43). The HRR was used to estimate the percent of VO2max the individuals were
achieving. There is a direct and linear relationship between HR and work, and the HRR method
5

has been shown to be the preferred method of estimating percentages of VO2max measurements
for sedentary populations (44). This value was found using the following equation:
Exercise HR = 60% (HRmax – HRrest) + HRrest
where HRrest was the resting HR and HRmax was the maximal HR estimated using (45):
HRmax = 208 – 0.7 × age
This protocol asked participants to walk on a treadmill at a constant 2.5 mph. The grade
started at 0% and increased by 1% every min until the participant reached their calculated
exercise HR. The participant remained walking at this speed and grade for an additional 10 min.
The protocol was recorded so it could remain the same for the second condition. In other words,
during the second condition, participants performed the exact same protocol they performed for
the first condition regardless of exercise HR values.
Before and after the walking test, HR, BP, and RPE were collected as well as a blood
draw of 1.5 milliliters for determination of plasma OT and CL. HR was monitored using a
Garmin HRM-Run™ HR monitor (010-10997-12, Olathe, Kansas) and Garmin Forerunner® 45
running watch (010-02156-06, Olathe, Kansas). BP was assessed using an OMRON 7 Series
Wireless Upper Arm BP monitor (OMRON Healthcare Co, BP7350 , Kyoto, Japan). Borg’s
Ratings of Perceived Exertion scale was used to assess the participant’s perceived level of
exertion on a scale of 6 – 20 throughout the test (46,47). Eston and Williams (48) found this
scale was a reliable way to assess perceived effort and exercise intensity and they reported an r
of 0.83 and 0.94 for RPE levels 9 and 13 respectively.
Plasma OT levels and plasma CL levels were determined using blood samples. The blood
samples were collected as previously described by Petersson et al. (34) by a trained and certified
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phlebotomist from the antecubital space of the cephalic vein. Before analysis, all collected
samples were placed on ice, centrifuged, and kept at -20 °C.
To assess CL levels, a RayBiotech Cortisol Enzyme Immunoassay Kit (EIA-CORT,
EIAM-CORT, EIAR-CORT, Norcross, GA) was used. This assay utilized Cortisol-Horseradish
Peroxidase (HRP) Conjugate Concentrate for the preparation of the samples (diluted 8-fold) and
standards, which were added to the plate. The plate was washed with prepared wash buffer to
remove any unbound Cortisol-HRP Conjugate Concentrate. Bound Cortisol-HRP Conjugate
Concentrate caused color development, which was assessed using a Bio-Rad Multiscan
Microplate Reader (Bio-Rad Laboratories, Hercules, CA) which read the microplate at an
absorbance of 450 nm. A standard curve of known concentrations of CL was established to
assess CL levels in each sample. This kit had a minimum detectable concentration of 2.7 ng ·mL-1
of CL.
To assess OT levels, a RayBiotech Oxytocin Enzyme Immunoassay Kit (EIA-OXT,
EIAM-OXT, EIAR-OXT, Norcross, GA) was used. This assay kit utilized the competitive
enzyme immunoassay principle. The samples were prepared with a 2-fold dilution. In this assay,
biotinylated OT peptide was used for the preparation of the samples and standards, which were
added to the plate. The plate was washed with prepared wash buffer to remove any unbound
peptide. HRP-streptavidin was added to the plate to interact with any bound biotinylated OT and
cause color development. The plate was analyzed with a Bio-Rad Multiscan Microplate Reader
(Bio-Rad Laboratories, Hercules, CA) which read the microplate at an absorbance of 450 nm. A
standard curve of known concentrations of OT was established to assess OT levels in each
sample. This kit had a minimum detectable concentration of 3.6 ng ·mL-1 of OT. The standard
curve consisted of 0.1, 1, 10, 100, and 1000 ng ·mL-1 of OT.
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Procedures and materials
This study used a crossover design to examine the relationship between exercise and the
presence or absence of a therapy dog. The independent variables were the presence of a therapy
dog (TD) or absence of the therapy dog (CONT) at rest, pre-exercise and post-exercise. The
dependent variables were HR, BP, RPE, OT, and CL. Additionally, HR and RPE values were
monitored throughout the exercise test at one-min and three-min intervals, respectively.
For the study, participants were asked to avoid vigorous or moderate exercise not already
part of their normal routine for 24 h prior to each test. They were instructed not to consume
caffeine or alcohol at least 12 h prior to each assessment test. There was a minimum of five days
between each assessment to avoid any fatigue or muscle soreness as well as training effects that
may have occurred. Participants were asked to complete the tests at approximately the same time
of day (±2 hours) for both conditions.
Participants were randomly placed into the TD or CONT condition based on their
preferred timeslots and the availability of the therapy dog. For both testing conditions, after five
min of quiet resting, a certified phlebotomist collected a blood sample from the cubital vein of
the participant and resting HR and BP were taken. The five-min of rest helped ensure a more
accurate resting or baseline measurement (49). For the CONT condition, after sitting quietly for
15 min prior to testing, the resting HR, BP and blood sample were measured and recorded again.
A 10-min warm-up was performed including dynamic activities and walking at various speeds
(50). The walking protocol and RPE scale were explained in detail prior to beginning the test.
During the exercise test, HR was collected each min and RPE was collected every third min. HR,
BP, RPE and a blood sample were taken immediately following the exercise test. A five-min
cool-down was led by the researcher and participants were encouraged to drink water. In the TD
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condition, a therapy dog was present during each stage of the testing protocol. During the 15 min
before the walking test, participants were alone with the therapy dog and were encouraged to pet
or speak with the dog throughout this time. HR, BP, RPE and blood samples were taken at the
same points they were taken for the CONT condition. The therapy dog was present and free to
walk around the testing area throughout the warm-up, cool down and the walking test.
Participants returned for a second assessment and performed the opposite trial condition.
If they were in the TD condition previously, they followed the protocol described for the CONT
condition. If they were in the CONT condition previously, they followed the protocol described
for the TD condition. As mentioned above, for the second assessment the walking protocol was
identical to the one used for the first test and was not based on HRR values.
Analysis
The data were analyzed using multiple two-way repeated-measures analyses of variance
(ANOVAs) with a p <0.05. The ANOVAs were used to determine if there were any significant
differences between TD and CONT conditions and their effects on HR, BP, RPE, OT, and CL
for rest, pre-exercise and post-exercise measurements. Additional ANOVAs were run to evaluate
any significant differences between TD and CONT conditions for HR and RPE during the
exercise test. Partial Eta Squared (ηp2) was used to determine the observed power. For this study,
a ηp2 of 0.02 – 0.49 was considered small, 0.50 – 0.79 was considered medium and 0.80 or
greater was considered large (51). All analyses were completed using RStudio (52).
Results
A Shapiro-Wilk test indicated the data were normally distributed for each dependent
variable (Table 2). Additional descriptive statistics such as means and standard deviations may
be found in Table 3. A two-way repeated measures ANOVA was performed for each dependent
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variable to assess the effect of the TD and CONT conditions over three time points: rest, preexercise, and post-exercise (Table 4). The dependent variables assessed were HR, SBP, DBP,
OT, and RPE. Mauchly's Test of Sphericity indicated with the Chi-Square Statistic (χ2) the
assumption of sphericity had been violated for time effects on HR, χ2(2) = 9.69, p= .008 and
SBP, χ2(2) = 12.08, p= .002. Therefore, a Greenhouse-Geisser correction was used for these
measurements.
As shown in Table 4, there were no significant main effects of condition or significant
interactions between condition and time for any of the dependent variables. The ηp2 for the effect
of condition on HR was 0.95, though it was not significant. There was a significant main effect
of time on HR, F(1.08, 6.47) = 110.16, p< 0.001, SBP, F(1.05, 6.28) = 18.33, p= 0.004, and
DBP, F(2,12) = 5.68, p= 0.018. Pairwise comparisons were evaluated using a paired t-test to
determine where those differences occurred (Table 5). These results indicated there was a
significant difference between HR results from rest to post-exercise (p<0.001) and pre-exercise
to post-exercise (p<0.001). This relationship was also seen in SBP rest to post-exercise
(p<0.002) and pre-exercise to post-exercise (p<0.001) as well as for DBP rest to post-exercise
(p=0.004) and pre-exercise to post-exercise (p=0.009).
A two-way repeated measures ANOVA was also performed to assess if there were any
differences in HR each minute time throughout the exercise test between the TD and CONT
conditions (Table 6). An additional two-way repeated measures ANOVA was performed to
assess differences between conditions throughout the exercise test in RPE, which was collected
every three min (Table 7). As shown in Table 5, there were no significant interactions between
condition and min for HR. However, there was a significant difference in condition for RPE,
F(1,5) = 8.57, p=0.033. Overall, the average RPE was higher in the TD condition (12.56 ± 3.45)
10

than the CONT condition (11.96 ± 2.63). There were no significant interactions between
condition and time for RPE throughout the exercise test.
Discussion
The purpose of this study was to determine if there were any physiological changes that
occurred before, during and after exercise in the presence of a certified therapy dog compared to
a CONT condition. The results indicated there were not any physiological differences in the
variables involved in this study. These variables, as shown in Figure 1, included HR, SBP, DBP,
& OT concentrations across three main time points: rest, pre-exercise and post-exercise. It was
fully intended to include CL concentrations throughout these time points. However, the results of
the CL bioanalysis were deemed statistically unusable, as there were many values outside of the
standard curve. Insufficient plasma volumes made it impossible to re-run the bioanalysis. While
no statistical tests were run, the limited results of CL may be found in Figure 2.
The results of this study indicated spending time with a therapy dog prior to exercise did
not cause any physiological changes in the tested variables. However, though not statistically
significant, the observed power for the effect of condition on HR was large, which indicated if
there were more subjects participating, there may have been a significant difference observed.
Additionally, even though CL concentrations were not utilized in the statistical analyses,
preliminary results shown in Figure 2 indicated the TD condition may have been beneficial at
both decreasing CL concentrations from rest to pre as well as maintaining lower levels
throughout exercise. While it is not responsible for this paper to conclude CL was attenuated
throughout exercise in the TD condition compared to the CONT condition, the data presented
does provide preliminary results that support further continuation of this research question.
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This study also examined whether any changes in HR or RPE occurred between
conditions throughout exercise. Figure 3 illustrates the average HRs and RPEs that occurred
between conditions throughout the exercise portion of both conditions. HR values were assessed
every min whereas RPE values were obtained every three-min interval. The average HR values
were not significantly different between conditions. However, one surprising result of this study
was the significant interaction between condition and RPE. This result indicated subjects
typically had an altogether higher RPE during the TD condition compared to the CONT. As there
were no physiologically different results during the exercise, it is interesting the subjects reported
a higher perceived effort in one condition compared to the other. One reason this may have
occurred could be the majority of participants performed the TD condition first. The order of the
conditions was randomized based on the preferred sign-up date the participants chose and the
availability of the therapy dog. This method led to a higher amount of participants performing
the TD condition first compared to the CONT condition. Ideally, the conditions would have been
assigned randomly with an even amount of participants performing CONT and TD conditions
first. There may have been a familiarization effect during the exercise test, which could have led
the participants to choose higher values the first time they were performing it compared to the
second. This error may have been mitigated had a familiarization trial of the walking test been
added.
Additionally, this familiarization effect may have also had an influence on OT
concentrations. While not significantly different, as shown in Figure 1, OT was slightly lower in
the TD condition than the CONT condition. With the logic presented in the paragraph above,
higher OT concentrations would make sense if individuals felt more comfortable the second time
they came in for testing, which was generally the CONT condition. Whether this effect was due
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to the lack of familiarization prior to testing or something else, this observation indicates it is
possible that lower RPE values may be reported when OT concentrations are higher. This
association supports the need for additional examination of the research questions presented in
this study, as, in accordance with past research, OT concentrations should have been higher in
the TD condition at least prior to the exercise (34,35).
One of the other main surprises of this study was the rest to pre-exercise results did not
agree with other published data. Based on past research, there should have been a significant
difference between HR (25), BP (24), and OT concentrations (34,35) between the rest and preexercise data in the TD condition. Between the rest and pre-exercise measurements, participants
were able to interact freely with the therapy dog for 15 min. According to past research,
interacting with a therapy dog should have led to significant decreases in HR and BP (24,25),
and significant increases in OT concentrations (34,35). However, in this study, the only
differences in these measurements occurred from rest to post-exercise or pre-exercise to postexercise. Because changes in HR, BP and OT did not occur during the interaction with the
therapy dog prior to exercise, it is logical to assume there would not have been a change during
the exercise portion of the study. It may be some individuals do not have a physiological
response to therapy dogs and would therefore not have that response throughout exercise. Future
research could diminish this error by assessing an individual’s normal physiological response to
the presence of a therapy dog and using it as an inclusion/exclusion criterion. One way this could
be done would be to incorporate a more vigorous screening procedure for the participants’
attitudes toward dogs. Polheber and Matchock (27) included a screening survey entitled the Pet
Attitude Scale (53) which measured the participants’ attitudes towards companion animals. In
order to be eligible for the study, a score of at least the 50th percentile was required. This strategy
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could be implemented in future research to more likely recruit participants who will respond to
the presence of a therapy dog.
There were several other sources of error that may have occurred throughout testing.
Changes in BP between conditions may have been more apparent if these measurements had
been taken more frequently. In this experimental setup, the measurements were taken only at the
very end of rest, pre-exercise and post-exercise. Similar to white coat syndrome, it could have
been the participant’s anticipatory reaction to the change of events may have caused an
unexpected increase in BP and was therefore not accurately reflective of the time spent alone or
with the therapy dog (54). If the BP had been taken throughout the time spent with the therapy
dog or sitting alone as opposed to just at the end, differences may have been observed.
Additionally, while the original intent was to have the therapy dog in plain sight during
the exercise test, participants were not explicitly instructed to look at or interact with the dog
while on the treadmill, as that likely would have increased the risk of injury. Having the therapy
dog positioned on a platform directly in front of the treadmill may have given the participants a
better view of the dog during the exercise test and may have changed the physiological
responses. Perhaps the largest limitation of this study was the small sample size (n=7) and the
uneven mix of male (n=2) and female (n=5) participants. A power analysis revealed a sample
size of 17 participants should have been recruited for this study given an alpha value of 0.05, a
power of 0.8 and an effect size of 0.95 (35). Ideally, this sample size would have been preferred.
Conclusion
The hypothesis that the presence of a therapy dog could elicit beneficial physiological
responses during exercise was not supported throughout this investigation. Despite the several
limitations present, this study has provided beneficial pilot data for this research question to be
14

tested more thoroughly. There is evidence that suggests being in the presence of a therapy dog
should elicit beneficial physiological changes that could be applied to exercise. This study did
not see any physiological changes in the presence of a therapy dog even before the exercise trial,
which is potentially why no changes occurred during the exercise. The lack of physiological
changes could have been due to the small sample size or the absence of a familiarization trial.
Future research should focus on first recruiting subjects where physiological responses would
more likely occur in the presence of a therapy dog. For those participants, an exercise trial should
be evaluated to see if the physiological responses enhance or change performance variables.
Additional research could be done to determine the psychological changes that occur in
the presence of a therapy dog during exercise. This study did not measure variables associated
with mood or exercise performance. The presence of a therapy dog could potentially increase
motivation and therefore performance.
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Tables and Figures
TABLE 1. Pre-study eligibility questionnaire with questions adapted from the Global Physical Activity
Questionnaire (GPAQ)
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8

Q9
Q10
Q11

Q12
Q13
Q14
Q15
Q16
Q17

Q18
Q19
Q20

Q21
Q22
Q23

Do you have moderate to severe allergies to dogs that would inhibit your ability to
participate in this study?
Are you typically fearful, anxious, or nervous when you are in the presence of a dog?
What is your current body height?
What is your current body weight?
To the best of your knowledge, do you believe you would be capable of walking at a
light to moderate pace on a treadmill for 20 or more minutes?
Are you currently taking any medications? If yes, please list any medications you are
currently taking.
This study will require multiple blood draws. Are you comfortable with having your
blood drawn?
Does your work involve vigorous-intensity activity that causes large increases in
breathing or heart rate like carrying or lifting heavy loads, digging or construction work
for at least 10 minutes continuously?
In a typical week, on how many days do you do vigorous intensity activities as part of
your work?
How much time do you spend doing vigorous-intensity activities at work on a typical
day?
Does your work involve moderate-intensity activity, that causes small increases in
breathing or heart rate such as brisk walking (or carrying light loads) for at least 10
minutes continuously?
In a typical week, on how many days do you do moderate intensity activities as part of
your work?
How much time do you spend doing moderate-intensity activities at work on a typical
day?
Do you walk or use a bicycle (pedal cycle) for at least 10 minutes continuously to get to
and from places?
In a typical week, on how many days do you walk or bicycle for at least 10 minutes
continuously to get to and from places?
How much time do you spend walking or bicycling for travel on a typical day?
Do you do any vigorous-intensity sports, fitness or recreational (leisure) activities that
cause large increases in breathing or heart rate like running or soccer for at least 10
minutes continuously?
In a typical week, on how many days do you do vigorous intensity sports, fitness or
recreational (leisure) activities?
How much time do you spend doing vigorous-intensity sports, fitness or recreational
activities on a typical day?
Do you do any moderate-intensity sports, fitness or recreational (leisure) activities that
cause a small increase in breathing or heart rate such as brisk walking, cycling,
swimming, or volleyball, for at least 10 minutes continuously?
In a typical week, on how many days do you do moderate intensity sports, fitness or
recreational (leisure) activities?
How much time do you spend doing moderate-intensity sports, fitness or recreational
(leisure) activities on a typical day?
How much time do you usually spend sitting or reclining on a typical day?
16

TABLE 2. Results of a Shapiro-Wilk test assessing each variable by condition for normal distribution.
Variable

Condition

Time
statistic
p
Rest
0.832215 0.0840
Dog
Pre
0.855740 0.1386
Post
0.990050 0.9933
Heart Rate
Rest
0.982446 0.9706
No Dog
Pre
0.972780 0.9177
Post
0.900827 0.3360
Rest
0.873491 0.1991
Dog
Pre
0.980152 0.9603
Post
0.965983 0.8681
Systolic
Blood Pressure
Rest
0.849952 0.1228
No Dog
Pre
0.973723 0.9239
Post
0.862906 0.1607
Rest
0.875690 0.2080
Dog
Pre
0.909142 0.3900
Post
0.967348 0.8787
Diastolic
Blood Pressure
Rest
0.824390 0.0708
No Dog
Pre
0.924474 0.5049
Post
0.881153 0.2316
Rest
0.916734 0.4822
Dog
Pre
0.810605 0.0521
Post
0.936535 0.6077
Oxytocin
Concentration
Rest
0.884282 0.2893
No Dog
Pre
0.962193 0.8373
Post
0.956311 0.7865
Note: Heart rate values are reported in bpm, diastolic and systolic values are
reported in mm Hg, oxytocin concentrations are reported in ng ·mL-1.
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TABLE 3. Descriptive statistics showing means and standard deviations for each variable organized by
condition.
Variable

Condition

Time
n
Mean
SD
Rest
7
78.571
16.772
Dog
Pre
7
81.714
13.288
Post
7
149.429 15.076
Heart Rate
Rest
7
78.714
8.635
No Dog
Pre
7
75.143
12.061
Post
7
147.857 18.078
Rest
7
128.286
14.93
Dog
Pre
7
126.214 14.899
Post
7
147.071 15.189
Systolic
Blood Pressure
Rest
7
126
16.155
No Dog
Pre
7
127.714 17.748
Post
7
151.857 19.463
Rest
7
81.714
10.161
Dog
Pre
7
82.071
11.834
Post
7
86.929
8.614
Diastolic
Blood Pressure
Rest
7
82.643
10.451
No Dog
Pre
7
83.929
7.971
Post
7
89.714
8.361
Rest
6
62.24
12.461
Dog
Pre
7
54.786
10.15
Post
7
53.414
9.283
Oxytocin
Concentration
Rest
6
63.103
21.249
No Dog
Pre
7
55.843
18.032
Post
7
67.186
15.008
Rest
2
37.209
30.577
Dog
Pre
3
12.922
8.275
Post
5
10.986
11.315
Cortisol
Concentration
Rest
4
10.082
12.468
No Dog
Pre
5
9.236
12.641
Post
4
27.309
29.338
Note: n indicates the number of subjects in each measurement, SD is the standard
deviation from the mean. Heart rate values are reported in bpm, diastolic and systolic
values are reported in mm Hg, oxytocin and cortisol concentrations are reported in ng
·mL-1.
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TABLE 4. Results from two-way repeated measures ANOVAs for dependent variables of heart rate
(bpm), systolic blood pressure (mm Hg), diastolic blood pressure (mm Hg), oxytocin concentration (ng
·mL-1), and ratings of perceived exertion over three time points: rest, pre-exercise, and post-exercise.
Observed
DF
DFd
F
p
p<.05 ηp2
Power
Time 1.08
6.47
110.16 2.40E-05
*
0.081
0.095
Condition
1
6
0.527
0.495
0.948
0.095
Heart Rate
Time:Condition
2
12
1.588
0.244
0.209
0.095
Time
1.05
6.28
18.328
0.004
*
0.753
0.951
Systolic
Condition
1
6
0.145
0.717
0.024
0.062
Blood
Pressure
Time:Condition
2
12
0.748
0.494
0.111
0.148
Time
2
12
5.678
0.018
*
0.486
0.759
Diastolic
Condition
1
6
0.951
0.367
0.137
0.131
Blood
Pressure
Time:Condition
2
12
0.19
0.829
0.031
0.073
Time
2
10
2.02
0.183
0.288
0.321
Oxytocin
Condition
1
5
1.703
0.249
0.254
0.187
Concentration
Time:Condition
2
10
1.187
0.345
0.192
0.204
Time
2
12
264.596 1.19E-10
*
0.978
1
Ratings of
Condition
1
6
1.35
0.289
0.184
0.166
Perceived
Exertion
Time:Condition
2
12
1.35
0.296
0.184
0.236
Note: DF is the degrees of freedom, DFd is the degrees of freedom error, ηp2 is the partial eta squared.
Statistical significance accepted at p<0.05 and is denoted by *.
Variable

Effect
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TABLE 5. Results from post-hoc analyses using a paired sample t-test for heart rate (bpm), systolic blood
pressure (mm Hg) and diastolic blood pressure (mm Hg).
Variable

Time (Group 1) Time (Group 2) n DF
p
p.adj
p<0.05
Rest
Pre
14 13
0.913
1
Heart Rate
Rest
Post
14 13
1.5E-09
4.5E-09
*
Pre
Post
14 13 1.48E-09 4.44E-09
*
Rest
Pre
14 13
0.932
1
Systolic
Rest
Post
14 13 0.000153 0.000459
*
Blood Pressure
Pre
Post
14 13 0.0000847 0.000254
*
Rest
Pre
14 13
0.61
1
Diastolic
Rest
Post
14
13
0.004
0.013
*
Blood Pressure
Pre
Post
14 13
0.009
0.028
*
Note: DF is the degrees of freedom, p.adj is the adjustedpvalue, p. Statistical significance accepted at
p<0.05 and is denoted by *. Pre refers to pre-exercise, post refers to post-exercise.
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TABLE 6. Results from a two-way repeated measures ANOVA for the dependent variable, heart rate
(bpm), measured at each minute of exercise.
Observed
Effect
DF DFd
F
p
p<.05 ηp2
Power
Condition 1
6
0.218
0.657
0.035
0.068
Minute 16 96 36.227 1.50E-33
*
0.858
1
Condition:Minute 16 96
0.736
0.751
0.109
0.463
Note: DFn is the number of degrees of freedom, DFd is the degrees of freedom
error, ηp2 is the partial eta squared. Statistical significance accepted at p<0.05 and
is denoted by *.
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TABLE 7. Results from a two-way repeated measures ANOVA for the dependent variable, Rating of
Perceived Exertion, measured every three-min interval of exercise.
Observed
Effect
DF DFd
F
p
p<.05 ηp2
Power
Condition 1
5
8.571
0.033
*
0.632
0.652
Time 6
30 45.703 9.09E-14
*
0.901
1
Condition:Time 6
30
0.392
0.878
0.073
0.142
Note: DFn is the number of degrees of freedom, DFd is the degrees of freedom
error, ηp2 is the partial eta squared. Statistical significance accepted at p<0.05 and
is denoted by *.
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FIGURE 1. Illustrates the differences between conditions for each variable at rest, pre-exercise and
post-exercise
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FIGURE 2. Illustrates the differences between conditions for cortisol at rest, pre-exercise and postexercise
Note. Data for this variable was limited and was not included in the statistical analysis.
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FIGURE 3. Illustrates the average change in heart rate per min and Rating of Perceived Exertion
every three min interval throughout the exercise test for both conditions
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CHAPTER II: LITERATURE REVIEW

Introduction
Dogs have become an extremely important part of the United States culture as roughly
40% of Americans are dog owners (8). Furthermore, working dogs, such as therapy dogs, have
become a prevalent part of hospital, work, educational, and home settings. Due to the important
presence of dogs in today’s world, human-canine interactions have become a popular area of
research. This research has examined the physiological and psychological relationship people
have with dogs to understand why they are so effective in therapeutic settings. What they have
found is the presence of a known or unknown, friendly dog can increase mood, reduce stress, and
attenuate cardiovascular responses during stressful tasks (15,17–19). Because of this, dogs are
often beneficial in rehabilitation units as well as to help reduce stress. The physiological benefits
that occur in the presence of a friendly dog could potentially be beneficial during exercise,
however, few studies have specifically examined this relationship.
The link between dogs and physical activity has been primarily examined through the
relationship between dog-ownership and dog walking. Some studies have analyzed if dogs are an
effective intervention strategy for increasing physical activity (12), while others have examined
the motivation of physical activity among dog-owners and non-dog owners (14). The main
findings of these studies determined dog-owners participate in higher amounts of exercise per
week compared to non-owners, however, they still do not achieve the recommended amount of
physical activity advised to decrease risk for developing disease (12–14). This relationship is
also seen even if the dog being walked does not belong to the individual (19). However, these
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studies focus primarily on the intensity and amount of time individuals spend dog walking per
week instead of the hormonal or cardiovascular changes that occur throughout the walks.
Contrary to the research above, there are many studies that have tried to determine the
cardiovascular and hormonal responses to the presence of a friendly dog during the performance
of other types of stress tests (17,27,55). These studies have primarily focused on examining HR,
BP, and CL concentrations in the presence of a friendly dog compared to being alone. Polheber
and Matchock (27) examined the effects of a therapy dog versus a friend on the CL and HR
levels of undergraduate students performing a social stress test. They concluded the effects of the
dog compared to the friend or the control (no social support) reduced the CL levels in the
participant. In this study, the participants did not previously know the dog, nor were they pet
owners, however, similar results have been found in pet-owners versus non-pet-owners.
Allen et al. (17) examined 120 couples, half of which had pets, and the other half did not.
While this study involved both cats and dogs as pets, the results found the pet-owners had
significantly lower resting systolic and diastolic BP as well as a lower resting HR compared to
non-pet owners. Furthermore, he found when he added a stressor of doing mental arithmetic, petowners exhibited lower HRs and BPs, were able to return to baseline more quickly, and were
faster at the mental task. Interestingly, pet owners had the lowest physiological reactivity in the
presence of their pet while doing mental arithmetic compared to being alone or in the presence of
their spouse.
Researchers believe many of these effects may be due to an increase in the release of OT
that occurs as a result of a dog’s presence. OT is a hormone which functions primarily in the
female reproductive system. However, it has also been linked to decreased BP (30), reduced
appetite (31), reduced HR (32), and increased empathy and social participation (29). OT levels
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have been shown to increase in the presence of known or unknown dogs, but they are also
elevated during physical activity (36,37). Many of the beneficial functions of higher levels of
physical fitness can be observed with higher levels of OT. These include lower HR and BP
responses to exercise, decreased CL levels, and increased exercise performance (36). While OT
release is a common effect during exercise, several of these studies have also examined whether
the beneficial effects are dose-dependent (30,41). Results of these studies have found higher
levels of OT administered are correlated with a greater cardiovascular and hormonal response
(30).
Due to the relationship between the human-canine response and OT as well as the
relationship between OT and exercise, this review aims to see if the presence of a friendly dog
could be beneficial for improving exercise performance. It will do this by examining 1) the role
of OT on physiological changes such as HR, BP and CL response 2) the role of OT in exercise
and 3) the effect of human-animal interaction on these cardiovascular and hormonal changes.
This review further examines the human-animal relationship and provides potential insights on a
natural way for individuals to increase or improve their exercise performance. Additionally, it
may help individuals who typically struggle with adhering to an exercise program feel more
relaxed throughout their exercise and therefore may increase the likelihood they continue with
their program. Overall, the information collected in this review may be useful in determining a
potential intervention program for individuals to increase exercise intensity, frequency, and
overall performance.
Discussion
OT is a hormone and neurotransmitter produced in the hypothalamus and secreted by the
posterior pituitary gland. Its receptors may be found in the tissues of the kidneys, heart, blood
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vessels, thymus, reproductive organs and pancreas (56). OT is primarily involved in uterine
contractions during labor, milk production, and the male reproductive system (29) however, it
has also been linked to a variety of other functions. Petersson, Alster, Lundeberg, & Uvnäsmoberg (34) studied the effects of injecting rats with 5 µl of OT over a five-day period on BP.
They discovered BP significantly decreased over the five-day period and this decrease could be
detected after only one day of treatment. In a similar study, Favaretto et al. (32) discovered OT
was directly related to decreased HR in rats. The exact mechanism for OT response in humans is
unknown, however, studies using rats have hypothesized why these changes occur (32,57,58).
OT receptors have been found in the heart as well as large blood vessels. Additionally, rat
hearts have been found to produce their own small supply of the hormone which could indicate
human hearts do as well (58). Once bound to receptors in the heart, OT causes atrial natriuretic
peptide (ANP) to be released (59). ANP is produced and released from the heart and has
receptors in many tissues of the body including blood vessels and the kidneys. When ANP binds
to receptors in blood vessels, it causes vasodilation, which decreases BP by creating more room
for blood to flow and therefore decreasing force on arteries. The relaxation of arteries during
vasodilation is also responsible for decreasing HR as ventricular preload decreases. Similarly,
ANP causes sodium excretion and increased urine production from the kidneys (60). This
decreases BP by lessening the amount of liquid and sodium in the blood, which ultimately makes
it easier for blood to flow (Figure 4).
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Figure 4. Shows the pathway atrial natriuretic peptide (ANP) takes to decrease heart rate and blood
pressure through receptors on the blood vessels and kidneys.
Reproduced with permission from “Natriuretic Peptides” by E. R. Levin et al. 1998, The New England
Journal of Medicine, 5, p. 324, Copyright Massachusetts Medical Society.

OT has also been shown to attenuate the CL response to different types of social and
physical stressors (41,61,62). CL is a steroid hormone whose secretion is controlled by the HPA
axis. Various types of physical and psychological stressors such as exercise stimulate the
hypothalamus to release CRH to the anterior pituitary gland. In turn, the anterior pituitary gland
releases ACTH, which travels to the adrenal cortex and stimulates CL release. OT decreases the
production of CL by inhibiting the production of ACTH. This means the adrenal glands receive a
smaller signal to decrease CL, and therefore it is not produced (40).
CL is beneficial in maintaining metabolism during exercise as it stimulates proteolysis
and gluconeogenesis, which allows the body to produce enough glucose needed to create
adenosine triphosphate (ATP), or energy (63). Additionally, CL can help maintain BP, is
involved in the inflammatory response, and can mobilize fatty acids (64). This can help
individuals fight infection, combat stress, or maintain activity levels through the production of
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ATP from fatty acids. This may be a beneficial effect in small doses, but long-term elevated CL
levels have been linked to several negative effects such as the excessive breakdown of protein
into amino acids and an increased risk of overtraining. This occurs because the protein being
broken down is generally taken from muscle tissue. Decreasing muscle mass while requiring
high levels of energy can cause fatigue as well as injury (65).
The cardiovascular system and HPA axis also have a close relationship with exercise.
Exercise training has been linked to many cardiovascular changes such as decreased resting HR,
decreased BP, and changes in the utilization of substrates to produce energy (65). With these
similarities, it should come as no surprise exercise alone has been shown to increase levels of OT
(57). Female mice who participated in voluntary physical activity were found to have elevated
levels of OT and researchers believed this finding was correlated to the decreased anxiety and
increased empathetic behaviors observed amongst them (36). Additionally, Jong et al. (37) found
salivary OT levels in both men and women were elevated at the beginning and throughout
moderate running exercise. OT release most likely occurs to combat an excessive rise in HR and
BP and its release can help regulate hormonal changes in response to exercise, such as ANP and
CL.
Due to the physical stress it puts on the body, exercise, particularly high-intensity
exercise, leads to CL release. Similarly, socially stressful situations such as presentations in front
of peers or arguments with loved ones have been shown to increase CL release. However, studies
have shown elevating OT levels through injections can help dampen the CL response for both
physical and social stressors. Flanagan et al (62) found women had significantly lower CL
responses during a conflict resolution task after taking a set dose of intranasal OT. Similarly,
Cardoso et al. (41) found certain doses of intranasal OT decreased the CL response to vigorous
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exercise in males. As mentioned earlier, researchers believe this is due to OT inhibiting the
production of ACTH and therefore CL secretion (40). Among the other factors discussed above,
the release of OT likely occurs to help regulate levels of CL in the body so injury does not occur.
The research presented above indicates increased levels of OT are beneficial for physical
activity. Many of the studies used intranasal OT to increase OT levels throughout the body
(30,41). However, there is evidence to suggest the presence of a friendly dog may elicit a similar
response in a more natural way (34,35). Elevated levels of OT have been detected in studies
examining the relationship between dog-owners and their pets as well as during studies
examining the effects of being in the presence of an unknown, friendly dog. Petersson et al. (34)
tested the OT levels of owners and their pet dogs during a set interaction. They found the OT
levels increased for both the owner and the dog during the interaction. Additionally, they
discovered the CL levels decreased for the owner. In a similar study, Odendaal and Meintjes (35)
assessed the effects of petting a friendly dog compared to quiet book reading on OT levels of
adults. They found the friendly human-animal interaction caused a significantly higher release of
neurochemicals such as β-endorphins when compared to book reading and OT levels almost
doubled in the presence of the dog. They concluded OT was likely the primary response that
resulted in lower BP for these individuals. However, they also reported β-endorphins, which are
associated with euphoric states in humans, might have aided this observation as well. For both
book reading and the human-dog interaction trials, significant decreases in CL were also found
when compared to baseline measures.
The elevation of OT from human-animal interaction coupled with OT released during
exercise could potentially be beneficial for increasing physical activity intensity, performance,
and motivation. There are limited studies that look directly at this relationship, however, there is
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evidence to suggest a friendly dog may help increase exercise performance without the aid of the
OT released naturally during exercise. Similar to the intranasal OT studies presented previously,
Polheber and Matchcock (27) determined CL levels were lower after a social stress test for
individuals who spent time with a therapy dog prior to the test compared to individuals who
spent time with a friend. This indicates interacting with therapy dogs before different types of
stress tests may have positive effects which last throughout the test. Regarding physical activity,
Wohlfarth et al. (18) determined obese children showed more active behavior and walked faster
for longer when a therapy dog was present compared to another human. Additionally, Motooka
et al. (19) found elderly individuals had a decreased stress response when walking, talking, or
patting a friendly dog compared to walking or being alone. While these studies do not directly
correlate the relationship between exercise training with a friendly dog compared to exercise
training alone, they do conclude the use of a pet or unknown, friendly dog may lead to beneficial
physiological changes which are likely related to increased OT levels.
There are several flaws that exist in the research which limit the hypothesis that physical
activity would be enhanced in the presence of a friendly dog. Many of the studies done on the
effects of OT on the body have been tested on mice. There are some similarities that can be
drawn from these studies, but they are also limited by anatomical and physiological differences
between the species, especially in regards to dose dependency. In several studies, intranasal OT
was administered to determine its physiological effects. Some of these studies draw similar
conclusions, however, they also use varying doses to achieve their results. This makes it difficult
to determine what degree of OT would be needed in order to elicit a physiological change.
Additionally, some tests use plasma samples to assess OT and CL levels but others use saliva.
Salivary CL may be different from CL levels found in plasma, and therefore some studies may
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have achieved different results if they had used a different testing measure. Finally, while it has
been shown OT levels increase during exercise and in the presence of a dog separately, there is
no clear evidence together they would have a coupling effect. It’s possible only one of the
stimuli will cause a change in OT levels and ultimately put a “cap” on the benefits that may be
received.
Overall, the presence of friendly dogs has been shown to have several positive
physiological benefits. While the mechanism for their effect on HR, BP, and CL levels is not
conclusively known, it is likely associated with the release of OT throughout the body. Exercise
alone has been shown to increase levels of OT, but there is also evidence to suggest the presence
of a friendly dog may cause an even more significant effect on the system. Several studies have
shown the benefits of OT are dose-dependent and increasing levels of OT in the body through
intranasal means may be beneficial in responding to physiological and psychological stressors.
The research presented in this review concludes the presence of a friendly dog during and before
exercise may have a similar effect in a more natural way.
Conclusion
It has been shown the presence of a known or unknown friendly dog may elicit several
beneficial physiological responses in humans and researchers believe it is due to the release of
OT during human-animal interaction (28). These physiological responses include decreased HR,
decreased BP, decreased CL levels, and improved performance on psychological stress tests
(17,27,55). Exercise has a similar effect on OT levels and research suggests intranasal injections
of OT may enhance physical activity by decreasing CL levels (41). The use of dogs may be an
additional way to stimulate a higher OT response throughout the body (34,35). Simply put,
injections of OT have been shown to increase exercise performance and interacting with dogs
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naturally increases OT levels. Therefore, interacting with a dog prior to and during exercise may
increase OT levels and consequently enhance exercise performance by decreasing HR, BP, and
CL levels.
Overall, there has been little research done on the effects of exercise training in the
presence of a dog, and there are several factors to consider. Physiologically, the research
presented in this review suggests the presence of a friendly dog may be beneficial for enhancing
exercise performance by increasing OT production and subsequently decreasing CL levels, HR
and BP.
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CHAPTER III: CONCLUSIONS AND RECOMMENDATIONS

The primary purpose of this research was to assess physiological changes that occurred
during exercise in the presence of a therapy dog compared to alone for sedentary adults. These
changes were assessed by collecting HR, BP, and OT concentration values at rest, pre-exercise,
and post-exercise time points. Additionally, HR and RPE measures were evaluated throughout
the exercise test to evaluate whether any changes occurred during exercise between the
conditions. The results of this study indicated there were not any significant physiological
differences between the TD and control CONT conditions. This would indicate the utilization of
a therapy dog is neither physiological beneficial nor detrimental during exercise.
While the research hypothesis was not accepted for this study, there were several
limitations that are important to consider. The small sample size (n=7) makes it difficult to draw
conclusions for the entire population. Additionally, the results from this project did not support
results found in several other studies. Several research articles have established physiological
changes, particularly in HR, BP, and OT concentrations, do occur in the presence of a known or
unknown friendly dog (24,25,34,35). For this study, there were no significant differences from
rest to pre-exercise in the TD condition for any of the variables, which indicated there were no
physiological changes that occurred from the interaction with the therapy dog. Because a
significant difference did not occur prior to exercise, it is logical to assume a significant
difference would be less likely to occur during or post-exercise.
Due to the limitations presented, it is recommended this study be regarded as pilot testing
for future research interested in exploring this question. Future research should focus on first
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finding participants who physiologically respond to the presence of a therapy dog, and then
assess whether or not those changes carry over into exercise. Future research should also obtain
CL concentrations, as this study was not successfully able to evaluate those measures.
Overall, while this study did not have any findings supporting benefits of utilizing a
therapy dog during exercise, it also did not find the presence of a therapy dog was detrimental to
exercise. Based on participant verbal responses and reactions to the therapy dog, it was
anecdotally inferred the presence of the therapy dog was favored during exercise. As this was not
detrimental to physiological variables, additional research could also be done to assess any
psychological differences that may occur when exercising in the presence of a therapy dog.
Those values could be utilized to find out whether or not the presence of a therapy dog causes a
change in exercise motivation and performance.
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